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We consider variation of coupling strengths and mass ratios in and beyond the
Standard Model, in the light of various mechanisms of mass generation. In four-
dimensional unified models, variations in charged particle thresholds, light quark
masses and the electron mass can completely alter the (testable) relation between
∆ lnα and ∆ lnµ, where µ ≡ mp/me. In extra-dimensional models where a com-
pactification scale below the fundamental scale is varying, definite predictions may
result even without unification; we examine some models with Scherk-Schwarz
supersymmetry-breaking.
1 Introduction
The recent claim that the fine structure constant α governing QSO absorp-
tion spectra in interstellar gas clouds at redshifts z = 0.5 to 3 differs from
that measured in the laboratory (at 5σ level)1 raises many theoretical and
experimental issues2. Prominent among these are the possibility that other
fundamental parameters of the Standard Model (SM) have also varied, how
their variations might be bounded or measured and what theories could be
tested thereby. Parameters that are in principle accessible to astronomical
or astrophysical observation are, apart from α, ratios of particle masses such
as mq/mp for the light quarks or me/mp, and dimensionless ratios such as
m2pGF ∝ (mp/vH)
2, where vH is the Higgs v. e. v., and m
2
pGN ∝ (mp/MPl)
2
which measure the strength of weak and gravitational interactions respec-
tively. Any variation in the strong interaction is equivalent, by dimensional
transmutation, to a variation in the QCD invariant scale which we denote as
Λc (more properly the ratio of Λc to some other mass scale), or the proton
mass.
The most robust and direct constraints arise from other observations of
astronomical spectra at comparable redshifts, which are sensitive to the pa-
rameters mp/me ≡ µ
3 and gp, the gyromagnetic ratio of the proton (in
addition to α) 4,5. The second of these observables does not have a well-
understood dependence on SM parameters 6, so we eliminate it in favour of α
and µ. Note that the interpretation of such observations depends very little
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